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Abstract

The African yam bean (AYB) (Sphenostylis stenocarpa) is a medicinal plant that has poorly been researched on. It is a
member of the leguminous crop belonging to the Fabaceae family. AYB's potential therapeutic qualities make it a
candidate for drug discovery. This study was carried out to ascertain the pharmacological properties of the extracts.
Ethanolic extract and fractions of AYB seed were tested on selected microorganisms: Staphylococcus aureus,
Pseudomonas aeruginosa, Salmonella spp, Escherichia coli, and Candida albicans using agar well diffusion assay, and
evaluated for their potential to scavenge free radicals adopting Ferric reducing antioxidant power (FRAP) and 2,2-
Diphenyl-1-picrylhydrazyl (DPPH) assays, and finally subjected to phytochemical analysis using standard procedures.
The crude extract and fractions produced dose-dependent and broad-spectrum antimicrobial activity. The inhibition
zones and minimum inhibitory concentration also varied across the test organisms having 2 - 6 mm and 12.5 - 100
mg/ml respectively. The ethylacetate fraction was observed to be the most active extract. The crude extract and
fractions produced a moderate capacity to scavenge free radicals by generating Diphenylpicrylhydrazine (reduced)
through the conversion of DPPH as indicated. Phytoactive constituents such as alkaloids, tannins, flavonoids, steroids,
terpenoids, and saponins detected in the crude extract and fractions may be responsible for the pharmacological
activities recorded. The result of this study further validates the possibility of identifying a lead in the extract of AYB
with therapeutic potentials.
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1. Introduction

In developing countries, large numbers of the world’s population are unable to afford pharmaceutical drugs and they
continue to use their systems of indigenous medicine that are mainly plant-based [1]. There is the basic supposition
that any plant possessing clinical effectiveness must contain an active principle that can completely replace the plant
extract. There is a consistent increase in the use of products of medicinal origin which is believed to be due to the
observed efficacy with about 80% of the world’s population relying on herbal medicinal products as a primary source
of healthcare [2]. The African yam beans (Sphenostylis stenocarpa L.) (AYB) are an important member of legumes in
tropical regions used in the propagation of good health [3]. The herbs used in the preparation of herbal products are
seen by the communities as an integral part of their culture [3, 4, 5]. This legume has been reported to be of importance
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in the management of chronic diseases like diabetes, hypertension, and cardiovascular diseases because of its high
dietary fibre content [6]. It is eaten roasted as groundnut or boiled and blended with ingredients like oil, pepper, onions
and salt. Previous studies have reported that AYB anti-diabetic activity [7]; crude extract of the powdered seeds has
been reported to possessanti-inflammatory, antidiabetics, antioxidant,hepato-renal and hematological activities [8].
Currently, complementary and alternative medicines (CAMs) are gradually becoming mainstream as a result of their
use [9, 10, 11]. The consistent patronage/use of herbal products by the developed countries is believed to be due to
their belief that it will promote healthier living.

Antioxidants are known for their unique capacity to halt chronic and degenerative diseases through their radical
scavenging potentials to deactivate the activities of reactive oxygen species (ROS) and reactive nitrogen species (RNS)
which are the major cause of these diseases [12]. This has led to continued use of and consumption of antioxidant-rich
foods or fruits. Owing to the high contents of important phytochemicals with several health benefits such as antioxidants
and antimicrobials, legumes have been demonstrated to be considered promoters of good health [13]. The African yam
beans (Sphenostylis stenocarpa L.) are an important member of legumes in tropical regions used in the propagation of
good health [14].

Information on the antimicrobial and antioxidant properties of Sphenostylis stenocarpa L. (AYB) is scanty. Therefore,
the aim of this study is to evaluate the antimicrobial and antioxidant potentials of methanol crude extract and fractions
of n-hexane, butanol, ethyl acetate and water.

2. Materials and Methods

2.1. Extraction and preparation of Plant material

Fresh powdered seeds of Sphenostylis sternocarpa (African yam bean) weighing 500 g were extracted with ethanol in a
Soxhlet apparatus [15]. The ethanolic crude extract obtained was partitioned into ethyl acetate, butanol, n-hexane, and
water fractions. A stock concentration of 200 mg/mL of each of the extracts was made by weighing 400 mg of the crude
and each fraction and reconstituting in 2 mL dimethyl sulfoxide (DMSO). Thereafter, a two-fold serial dilution was made
from each of the stock concentrations to get graded concentrations (100, 50, 25, and 12.5 mg/mL) of each of the extracts.

2.2. Bioassay

2.2.1. Antimicrobial assay

The antimicrobial assay for the crude and each of the fractions was carried out using the agar well diffusion assay as
described by [16]. A standardized 0.5 McFarland suspension of each test organism was done using sterile water and
inoculated onto previously sterilized Mueller-Hinton Agar plates (diameter: 90 mm) while the standardized fungal
culture was inoculated onto Sabouraud dextrose agar plates. A maximum volume of 80 pl of each extract dilution was
transferred into it corresponding well made with a cork borer having a diameter of 5mm. Ciprofloxacin (5.6 mg/mL)
and fluconazole (4.8 mg/mL) served as the positive controls against the bacteria and fungi organisms respectively. The
cultures were incubated at 37°C for 24 h (for bacteria) and 25°C for 48 h (for fungi) plates respectively. The
antimicrobial potential for each extract was determined by measuring the zone of inhibition around each well
(excluding the diameter of the well). The experiment was done in triplicate against each organism. Each extract was
tested against all the bacterial and fungal strains respectively.

2.2.2. Determination of Minimum Inhibitory Concentration (MIC)

The method described by the European Committee for Antimicrobial Susceptibility Testing (EUCAST) [17] was adopted
with slight modifications. The Minimum Inhibitory Concentration (MIC) of the extracts was determined for each of the
test organisms in triplicate Petri dishes. Here, the agar dilution method was adopted.

Stock solutions of 4000 mg/ml of the various extracts were prepared. Then, two-fold serial dilutions were made to get
2000, 1000, 500, 25, and 125 mg/mL thereafter 10-fold dilutions of each of the concentrations were made using 9 mL
sterile molten agar this was allowed to solidify. The microbial inoculums which have been standardized to 0.5
McFarland turbidity are streaked on the agar appropriately. The plates are incubated at 37°C for 24 hrs for the bacteria
plates.
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After incubation, the plates were examined for microbial growth by checking for growths using a plus sign (+) indicating
growth while a negative sign (-) indicates no growth. * indicates no MIC was carried out because there was no
antibacterial activity.

2.3. Antioxidant assay

2.3.1. Ferric reducing antioxidant power (FRAP) assay:

FRAP assay was carried out following the method described by Erhirhie et al [18]. Two hundred and fifty microlitre
(0.25 ml) of various fold dilutions of samples as well as 7.82, 15.63, 31.25, 62.5, 125, 250, 500 and 1000 pg/ml ascorbic
acid were mixed with 0.625 ml of phosphate buffer and 0.625 ml of 1% potassium ferricyanide [K3FeCNs]. The mixtures
were heated at 50°C for twenty minutes. Then, 0.625 ml of 10% trichloroacetic acid (TCA) was added and the mixtures
were centrifuged at 3000 rpm for 5 minutes. From the upper layer, 0.625 ml was pipetted and mixed with 0.625 ml of
distilled water and 0.125 ml of 0.1% (w/v) ferric chloride (FeCls) solution. Absorbance of the mixture were measured
at 700 nm against air using a Spectrophotometer. Ascorbic acid was used as standards. Tests were performed in
triplicates.

Percentage inhibition was calculated using the formula below.
% Inhibition = (Absorbance of sample — Absorbance of blank) x 100

For ascorbic acid, a graph of percentage inhibition against concentration was plotted and the effective concentration
(ECso) was extrapolated using an equation.

High optical density (absorbance) values indicate high FRAP activity.

2.3.2. Antioxidant Assay: 2, 2-diphenyl -1- picrylhydrazyl (DPPH) scavenging (DPPH)

The propensity of the fungal crude extract to inactivate free radicals such as 2,2-diphenyl-1-picryl hydrazyl (DPPH) was
determined using a previously described procedure Okezie et al., [19]. In order to prepare a concentration of 100 pg/mL
of both the fungal extract and positive control (quercetin), 300 pg of each was weighed and dissolved in 3 mL of
methanol. A reaction mixture comprising 0.25 mL of the stock, 0.25 mL of DPPH (0.6 mMol) and 2 mL of methanol
solution was formed. These were incubated at 27 °C for 30 min. Then, the absorbance which is a measurement of the
antioxidant capacity was determined at 517 nm using a UV-vis spectrophotometer (model 721, ANENG, China). The
measurement for the extract and control was carried out in triplicate. The capacity to disrupt free radicals were
calculated using the formula below and expressed as percentage inhibition.

o A0 —-A1 100
% Inhibition = A—OXT

where AO: Absorbance of blank; A1: Absorbance of test sample

2.4. Phytochemical Screening

Phytochemical analyses on the aqueous extracts of the powdered samples of African Yam Bean (Sphenostylis stenocarpa
L) were carried out using standard procedures to identify the phytochemical constituents as described by Harborne,
[20]; Trease and Evans, [21]; Sofowora, [22].

2.5. Statistical analysis

Measurements were done in triplicate (n = 3) and the results expressed as mean * standard deviation.One way analysis
of variance (ANOVA) and SPSS (version 20) was used as the statistical program.

3. Results and Discussion

The antimicrobial activities demonstrated by the crude extract and fractions of AYB are presented in Tables 1 -5. The
observed activities by the extracts demonstrates their diverse biological potentials.
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Table 1 Antimicrobial activity of Crude extract against the pathogens

Concentration (mg/mL) | Test organisms / inhibition zone diameter (mm)
P. aeruginosa | S. aureus | E. coli | Salmonella | C. albicans
100 4+0 30 00 0+0 4+0.7
50 4+0.7 20 00 0+0 4+0.7
25 00 0+0 0+0 0+0 20
12.5 00 0+0 0+0 0+0 00
6.25 00 0+0 0+0 0+0 0+0
Pos. control 15 0 0 0 0

P. aeruginosa: Pseudomonas aeruginosa; S. aureus: Staphylococcus aureus; E. coli: Escherichia coli; Salmonella spp; C. albicans: Candida albicans; Pos
Ctrl: Positive controls: Ciprofloxacin 5.6 mg/mL, Fluconazole 4.8 mg/mL

Table2Antimicrobial activity of Ethyl acetate fraction against the pathogens

Concentration (mg/mL) | Test organisms / inhibition zone diameter (mm)
P. aeruginosa | S. aureus | E. coli | Salmonella | C. albicans
100 00 30 20 3.5+0.7 50
50 00 0+0 0+0 3+1.2 4.5+0.7
25 0+0 0+0 0+0 2.5%0.7 40
12.5 0+0 0+0 0+0 0+0 3+0
6.25 0+0 0+0 0+0 0+0 0+0
Pos. control 15 0 0 0 0

P. aeruginosa: Pseudomonas aeruginosa; S. aureus: Staphylococcus aureus; E. coli: Escherichia coli; Salmonella spp; C. albicans: Candida albicans; Pos
Ctrl: Positive controls: Ciprofloxacin 5.6 mg/mL, Fluconazole 4.8 mg/mL

Table 3 Antimicrobial activity of Butanol fraction against the pathogens

Concentration (mg/mL) | Test organisms / inhibition zone diameter (mm)
P. aeruginosa | S. aureus | E. coli | Salmonella | C. albicans
100 30 30 4+0 0+0 60
50 00 2.5+0.7 20 0+0 50
25 00 20 00 0+0 4.5+0.7
12.5 00 0+0 0+0 0+0 30
6.25 00 0+0 0+0 0+0 0+0
Pos. control 15 0 0 0 0

P. aeruginosa: Pseudomonas aeruginosa; S. aureus: Staphylococcus aureus; E. coli: Escherichia coli; Salmonella spp; C. albicans: Candida albicans; Pos
Ctrl: Positive controls: Ciprofloxacin 5.6 mg/mL, Fluconazole 4.8 mg/mL
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Table 4 Antimicrobial activity of n-hexane fraction against the pathogens

Concentration (mg/mL) | Test organisms / inhibition zone diameter (mm)
P. aeruginosa | S. aureus | E. coli | Salmonella | C. albicans
100 00 20 00 4+0 4+0
50 00 0+0 00 0+0 2+0.7
25 00 0+0 0+0 0+0 20
12.5 00 0+0 0+0 0+0 00
6.25 00 0+0 0+0 0+0 0+0
Pos. control 15 0 0 0 0

P. aeruginosa: Pseudomonas aeruginosa; S. aureus: Staphylococcus aureus; E. coli: Escherichia coli; Salmonella spp; C. albicans: Candida albicans; Pos

Ctrl: Positive controls: Ciprofloxacin 5.6 mg/mL, Fluconazole 4.8 mg/mL

Table 5 Antimicrobial activity of Aqueous fraction against the pathogens

Concentration (mg/mL) | Test organisms / inhibition zone diameter (mm)
P. aeruginosa | S. aureus | E. coli | Salmonella | C. albicans

100 40 3+0 2+0 0+0 0+0

50 00 20 20 00 00

25 00 00 00 00 00

12.5 00 00 00 00 00

6.25 00 00 00 00 00

Pos. control 15 0 0 0 0

P. aeruginosa: Pseudomonas aeruginosa; S. aureus: Staphylococcus aureus; E. coli: Escherichia coli; Salmonella spp; C. albicans: Candida albicans; Pos

Ctrl: Positive controls: Ciprofloxacin 5.6 mg/mL, Fluconazole 4.8 mg/mL

Table 6 Minimum inhibitory concentration

Test organism / Concentration (mg/mL)
Extract P. aeruginosa | S. aureus | E. coli | Salmonella | C. albicans
crude 100 200 >200 | >200 100
Ethyl acetate | >200 200 200 100 50
n-hexane >200 200 >200 | 200 200
Butanol 200 200 200 >200 50
Ageous 200 200 200 >200 >200
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Table 7 Antioxidant activities

S/n | Extract/Fraction FRAP activity: ECso (ug/ml) | DPPH activity: ICso(pg/mL)
1 Crude extract 7298.71 57.5

2 n-hexane fraction 6426.75 62

3 Ethyl acetate fraction | 828.81 60

4 Butanol fraction 7194.86 949

5 Aqueous fraction 6222.75 312.5

6 Ascorbic acid 87.60 48

The lower the ECso, the higher the antioxidant activity. ECso of each sample was calculated from the equation of the
graph of percentage inhibition against concentration.

Table 8 Phytochemical analysis

Extract/Fraction Phytoactive Constituent
Crude extract Al Ta | Fl St | Te Sa
n-hexane fraction + + + + |+ +
Ethyl acetate fraction | +++ | + | ++ | + | +++ | ++
Butanol fraction ++ + +++ |+ |+ +
Aqueous fraction + + | |+ |+ ++

Key: Al: alkaloids, Ta: tannins, Fl: flavonoids, St: steroids, Te: terpenoids, Sa: saponins

The preliminary antimicrobial evaluations of the Sphenostylis sternocarpa crude extract and fractions in Table 1-5 reveal
that all the extracts demonstrated broadspectrum antimicrobial activity against at least one Gram-positive and Gram-
negative bacterium. The observed activities were concentration-dependent as the zone of inhibition was observed to
increase with the concentration for the crude extract and the fractions. At the tested concentrations which ranged
between 6.25 - 100 mg/mL, the growth inhibitory potentials of the crude extract and the fractions against the different
test organisms varied as seen by their varying degree of inhibition zones produced which ranged between 2 - 4mm (S.
aureus, P. aeruginosa, and E. coli), 2.5 - 4 mm (Salmonella spp), and 2 - 6 ( C. albicans). Similarly, Eruemulor, [23]
observed varying zones of inhibition among the tested microorganisms; Aspergillus niger (19.06 + 4.50), Bacillus subtilis
(19.26 *= 5.84), Candida sp (21.17 = 1.25), Escherichia coli (22.67 = 4.52) amongst others showed considerable
antimicrobial properties. Salmonella spp was observed to be the most resistant test organism used. The activities
demonstrated by these extracts as presented in Table 6 showed varying minimum inhibitory concentration (MIC)
against the tested organisms.The MIC recorded were (50 - 100) for S. aureus, P. aeruginosa, and E. coli. 25 - 100 and
12.5 - 100 were observed as the MICs for Salmonella spp and C. albicans respectively. In this work, we observed that
the antimicrobial activities of the crude and fractions against the different test organisms were more on the Gram-
negative test bacteria. This may be attributed to the difference in the permeability of the bacteria cell wall constituents
between the Gram positives (thick cell wall) and Gram-negatives (thin cell wall). Moreover, the observed activity
(broadspectrum) may be attributed to the bioactive phytoconstituents present in the extracts as detected by the
phytochemical analysis. In this work, the observed inhibition of microbial growth of the test organism used was better
than the controls used.

The results of the antioxidant activities demonstrated by the Sphenostylis sternocarpa crude extract and fraction in Table
7 can be said to be moderate, as only the ethyl acetate fraction was observed to demonstrate radical scavenging activities
by both methods adopted. Moreover, the DPPH assay method revealed good antioxidant potentials demonstrated by
the crude, and fractions of n-hexane, ethyl acetate, and butanol. This is in line with the result of Isaac-Bamgboye et al.,
[24], who observed an increase in the capacity of S. sternocarpa extract to scavenge DDPH. However, the capacity to
scavenge free radicals by the most active fraction of ethyl acetate is not comparable with the activity by the control
having an ICso of 87.6 and 48 pg/mL as revealed by FRAP and DPPH assay methods respectively.
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Preliminary detection of the phytoactive constituents revealed the presence of alkaloids, tannins, flavonoids, steroids,
terpenoids, and saponins present in the crude and the fractions thus suggesting chemodiversity of plant secondary
metabolites (Table 8). Similarly, Soetan et al,, [13] detected the presence of alkaloids, flavonoids, and saponins in
aqueous and acetone extracts of Sphenostylis sternocarpa. These phytoconstituents have also been detected and
validated to be active and to have promising antimicrobial and antioxidant activities. Flavonoids are one of the most
abundant phytoconstituents in plant and their action as antioxidants has been confirmed by several reports Kar, [25];
Ghasemzadeh and Ghasemzadeh, [26]. The capacity to inhibit the activities of the enzymes that generate free radicals,
and function as a metal chelator is the basic antioxidant mechanism used by flavonoids, Soetan et al., [13]. In this work,
the presence of saponins was detected in the ethyl acetate and aqueous fractions, which is an indication of the good
antioxidant activities demonstrated by these two functions in comparison with other fractions and the crude. Similarly,
reports by Chan et al., [27]; Chen et al,, [28]; Soetan et al,, [13] attributing the observed antioxidant activities of plant
extracts to the presence of saponins corroborate our findings. The DPPH assay result indicates the potential of the active
fractions to generate Diphenylpicrylhydrazine (reduced) through the conversion of DPPH accompanied by its
decolorization.

4. Conclusions

The results obtained in the study further validate AYB as a potent underexplored medicinal plant with good
antimicrobial and antioxidant potential. The detection of antimicrobial and antioxidant-related phytochemicals:
alkaloids, terpene, saponins, and flavonoids are believed to be responsible for the observed activities hence AYB extract
may be used in the preparation of preservatives. The huge phytodiversity within the AYB species reveals a source of the
repertoire of phytoactive compounds and opens up a new dimension towards the discovery of new leads for the
development of medicines for the treatment of infections and free radical-related disease. Secondary metabolites within
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